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Abstract 
The role of existing corrosion damage on the fatigue performance of 6156 AA laser beam welds in T3 state, with 
additional post weld heat treatment T8, has been assessed.   The welds were subjected to salt fog environment for 720 
hours and then metallographically examined to characterize corrosion behaviour. The corrosion results demonstrate 
that T3/T8 treatment provides high corrosion susceptibility in the weld area, where localized damage in the form of 
large pits prevails. Fatigue performance of corroded samples is drastically degraded by the presence of corrosion pits 
which act as stress raisers and accelerate crack initiation in the corroded samples. Fatigue cracks initiate at the root of 
corrosion pits on the large specimen surfaces in the weld metal area and propagate in through thickness direction. The 
obtained results have been compared to results from 6156 welds with T4 treatment in as welded conditions. 
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Introduction 
Corrosion behaviour in advanced aluminium alloy welds has increasingly become a subject of attention 
both for the case of friction stir welds [e.g.1,2] and for laser beam welds [e,g 3]. The weld material, in 
cases where the protective clad layer is absent or damaged, is susceptible to localized corrosion attack due 
to the dissimilar microstructures in the weld metal area [4]. As a result, the operational life of the welded 
component under cyclic loads is degraded, since corrosion pits act as stress concentrators accelerating 
crack initiation [5-8]. Heat treatment conditions influence the corrosion behavior of the weld. In the case 
of 2xxx aluminum alloy laser beam welds, the presence of grain boundary precipitates due to specific heat 
treatment have been found to influence corrosion susceptibility of the welds [4]. The use of post weld heat 
treatment may improve mechanical properties in the weld material, but its effect on corrosion behavior 
has not been systematically investigated. In this study, the role of post weld heat treatment on corrosion 
behavior of laser beam welded 6156T3 AA has been examined and compared to the behavior of 6156 
welds with T4 treatment in as welded conditions, taken from [9]. The fatigue performance of the welds 
after exposure to laboratory corrosion environment has been assessed experimentally and the role of 
existing corrosion damage on fracture behavior of the welds has been investigated. 
1. Experimental procedure 
The experimental procedure included exposure of 6156/T3 AA welds with T8 post weld heat treatment to 
laboratory corrosion environment and subsequently to fatigue testing. The chemical composition (% 
weight) of the alloy is Si 1, Mg 0.9, Cu 0.9, Fe 0.1, Mn 0.55, Cr 0.125, Zn 0.4. The thickness of the 
aluminum sheet was 3,25 mm, with a laser beam butt weld in the center. Fatigue specimens were 
manufactured according to ASTM E466. Specimens manufactured from the LBW sheet were exposed to 
salt spray corrosion environment (5% NaCl) according to ASTM B117 for 720 hrs, with a temperature of 
35 ± 1 °C and pH value in the range 6.5-7.2. The selection of the specific exposure time aimed at 
producing significant corrosion damage to evaluate residual fatigue strength of the specimens. Fatigue 
tests were carried out after corrosion exposure under constant stress amplitude with a stress ratio of R=0.1 
and frequency of 25 Hz. The results were compared to reference welds with no corrosion treatment.  
2. Corrosion behavior  
Keller’s etching was performed [2 mL HF (48%), 3 mL HCL (conc), 5 mL HNO3 (conc), 190 mL H2O] 
on samples in order to characterize corrosion performance of the 6165 welds prior to fatigue testing. 
Images taken with optical stereoscopy reveal localized intergrannular corrosion in the form of pitting 
(Figure 1). Large corrosion pits exist on the sides, upper and lower surfaces of the specimen. The side 
surface pits have larger depth due to the rolling process resulting in widened grains on the upper-lower 
surfaces [10]. The maximum pit depth at the side surface was measured at 503 ȝm and the maximum pit 
width was 1400 ȝm. The average pit depth and width were measured at 335.4 ȝm and 572 ȝm 
respectively. 
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Figure 1 Pits in side (a,c,d) and upper surface (b) of 6156T3/T8 AA  
 
Microhardness measurements starting from the center of the weld line with a step of 0.5 mm were 
conducted on uncorroded samples using the Vickers method with an applied load of 200 gr. Re-
precipitation of strengthening phases due to T8 PWHT results in similar hardness value in HAZ and 
BM for the T3/T8 material (140 HV), which is slightly lower compared to the hardness value in T4 
state (115HV) as shown in Figure 3.  
 
 
 
(a)                                                        (b) 
Figure 2 Microhardness variation across weld line in a) Al 6156-ȉ3/T8, b) Al 6156-T4 taken from [9] 
 
 
3. Fatigue performance  
The S-N curves of uncorroded and corroded welds are given in Figure 3. Corrosion exposure results in 
drastic degradation of fatigue performance of 6156 T3/T8 welds. The fatigue limit (Nf=107 cycles) is 
degraded by 68% compared to the uncorroded welds. The respective fatigue limit values were 125 MPa 
and 40 MPa for uncorroded and corroded welds respectively.  
For comparison purposes the S-N curve of 6156 T4 welds [9] is displayed in Figure 3 as well. It should be 
noted that opposite to the T3/T8 welds examined here, the 6156 T4 welds investigated in [9] had i) a clad 
layer protection and ii) a weld reinforcement, which was not mechanically removed. The presence of the 
clad layer in 6156 T4 welds lessens the effect of corrosion on fatigue performance compared to the T3/T8 
welds. Comparing the fatigue limit in corroded T3/T8 welds (unclad) with the fatigue limit of 6156 T4 
welds (clad) it is degraded by 50%. On the other hand the uncorroded 6156 T3/T8 welds exhibit superior 
fatigue performance compared to the 6156 T4 welds, with an increase of fatigue limit of 25%, which is a 
result of stress the concentration caused by the weld reinforcement in 6156 T4 welds, accelerating fatigue 
cacking. The reduction of fatigue life due to corrosion damage is increasing with decreasing stress 
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amplitude in the case of 6156 T3/T8 welds due to the important contribution of pits on crack initiation 
stage and hence on the total fatigue life under low fatigue stresses.  
 
(a)                                            (b) 
Figure 3 S-N curves of uncorroded and corroded welds in a) 6156 T3/T8 AA b) 6156 T4 AA[9] 
 
4. Fracture behavior 
 
In the uncorroded 6156 T3/T8 fatigue cracks initiate at the specimen surface of the base metal, indicating 
a good fatigue resistance of the weld region to crack initiation, and propagate radial until they become 
through thickness cracks (Figure 4). Crack propagation is characterized by fatigue striations. 
  
Figure 4 Fatigue section in the base metal (BM) characterized by fatigue striations during crack 
propagation. 
 
In Figure 5 the fracture surface of a corroded 6156 T3/T8 weld is shown. The crack initiates at the bottom 
of a corrosion pit, on the upper surface, at the root of the weld metal (WM). In all corroded samples 
fatigue cracks initiate at a corrosion pits lying on the upper or lower specimen surface and not from the 
larger pits located at the side surfaces. Although a more detailed explanation of the observed behavior 
requires further analysis, it is probably related to a higher local stress intensity present at the tip of the 
cracks propagating from the upper or lower surfaces taking into account their direction of propagation 
(through thickness).       
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Figure 5 Crack initiation at corrosion pit in the WM area in corroded 6156 T3/T8 weld 
 
5 Conclusions  
Salt fog corrosion exposure of 6156 T3/T8 welds results in significant localized corrosion attack in the 
form of large pits in the weld area. Fatigue performance is hence drastically degraded due to accelerated 
crack initiation at the root of corrosion pits. The fatigue strength is lower compared to 6156 T4 welds, 
where clad layer protection leads to the formation of much smaller pits at the specimen surface. 
Uncorroded T3/T8 welds present superior fatigue resistance compared to 6156 T4 welds and failure 
occurs in the base metal. This result is due to the improved mechanical properties of the T3/T8 welds 
compared to the T4, which are verified by performed hardness measurements, and the absence of weld 
reinforcement, which retards fatigue crack initiation in the T3/T8 welds.  
 
References 
[1] W. Xuѽ , J.Liu, H Zhu, “ Pitting corrosion of friction stir welded aluminum alloy thick plate in 
alkaline chloride solution”, Electrochimica Acta 55 ,(2010), 2918–2923 
[2] C.S. Paglia and R.G. Buchheit, “A look in the corrosion of aluminum alloy friction stir welds”, Scripta 
Materialia 58, (2008), 383–387 
[3] A.B.M. Mujibur Rahman, S. Kumar, A.R. Gerson, “Galvanic corrosion of laser weldments of AA6061 
aluminium alloy” Corrosion Science 49 (2007) 4339–4351 
[4] A. T. Kermanidis, A. D. Zervaki, G. N. Haidemenopoulos, and Sp. G. Pantelakis, Effects of temper 
condition and corrosion on the fatigue performance of a laser-welded Al–Cu–Mg–Ag (2139) alloy, 
Materials and Design 31, (2010), 42–49. 
[5] Jones K, Hoeppner DW Prior corrosion and fatigue of 2024-T3 aluminum alloy. Corrosion  Science 
48:3, (2006), 109–322  
[6] Wang QY, Kawagoishi N, Chen Q, Effect of pitting corrosion on very high cycle fatigue behaviour. 
Scripta Mater 49:7, (2003), 11–6 
[7] Bray GH et al. Effect of prior corrosion on the S/N fatigue performance of aluminum sheet alloys 
2024-T3 and 2524-T3. In: Van Der Sluys WA, Piascik RS, Zawierucha R, editors. Effects of the 
environment on the initiation of crack growth ASTM STP 1298. American Society for Testing and 
Materials, (1997), 89–103. 
[8] Chubb JP, Morad TA, Hockenhull BS, Bristow JW The effect of exfoliation corrosion on the fracture 
and fatigue behavior of 7178-T6 aluminium. Int J Fatigue 17 (1), (1995), 49–54 
[9] A. T. Kermanidis, A. D. Zervaki, G. N. Haidemenopoulos, Sp. G. Pantelakis, “The influence of salt 
fog exposure on the fatigue performance of alclad 6xxx Aluminum Alloys laser beam welded joints”, J. 
Mater Sci (2010) 45: 4390-4400 
[10] P. Petroyiannis, Corrosion Induced Hydrogen Embrittlement and Protection with the use of Local 
Cladding,  PhD Thesis, Mechanical Engineering and Aeronautics Department, University of Patras 
(2004). 
